The E3 19,000-dalton protein termed "E3/ 19K" of adenovirus type 2 binds to human class I histocom-
The major histocompatibility complex (MHC) encodes a variety of proteins involved in different immunological phenomena. The class I antigens of both mouse (H-2 antigens) and human (HLA antigens) are cell-surface integrated molecules with a Mr of =45,000. They are noncovalently associated with P2-microglobulin (Mr, 12,000; refs. [1] [2] [3] . One major function of these antigens is to condition T cells to become cytotoxic T lymphocytes (CTL) during virus infections. This is likely to occur by altering the class I antigens and is induced by interaction with foreign (viral) proteins. The cytotoxic T cells can precisely distinguish between the infected and noninfected cells. This T-cell recognition is known as H-2 or HLA antigen (MHC) restriction (4) . Thus, a qualitative (phenotypic) change in the histocompatibility class I antigen is of crucial importance for T-cell recognition. Furthermore, a quantitative variation in the amounts of HLA/H-2 antigens expressed on the cell surface might influence the T-cell response.
Several investigators have demonstrated that the E3 19,000-dalton protein termed "E3/19K" of adenovirus type 2 (Ad2) binds to and forms a molecular complex with class I HLA/H-2 antigens (5) (6) (7) (8) . Recently, we have shown that the formation of the HLA-E3/19K complex prevents the HLA antigens from being correctly processed by inhibiting their terminal glycosylation (9) . More importantly, the HLA-E3/19K association reduces the cell-surface expression of HLA antigens. We now address the question of whether or not this reduced level of class I antigens influences the cytotoxic T-cell response. If so, our results might show a possible molecular mechanism whereby adenoviruses and other viruses escape the cellular immune response.
For obvious reasons the T-cell response against adenovirus-infected cells cannot be studied in vivo in humans. Therefore, we have used an in vitro system in which the murine H-2Kd antigen functions as the restriction element, and endogenous HLA molecules function as the "foreign" antigens (10) . This would allow us to use murine T-cell clones in our analysis. In this paper we demonstrate that a decreased level of the restricting element on the cell surface dramatically influences the ability of cytotoxic T cells to recognize and kill these cells. Thus, the complex formation between the histocompatibility class I antigen and the E3/19K protein of Ad2 indirectly reduces the cytotoxic T-cell response.
MATERIALS AND METHODS
Cell Culture and DNA Transfection of Cells. The human cell line 293 was established by transformation of embryonic kidney cells with AdS (11) . The 293.12 cell line is a derivative of 293 cells transfected with the EcoRI D fragment of Ad2 (9) . The establishment of the thymidine kinase negative (TK-) mouse mastocytoma cell line P815 (HTR) that can be transfected efficiently has been described (12) . Transfection of cells with plasmid DNA was done essentially as described previously (13) . Two selection systems were used: (i) the neomycin phosphotransferase gene conferring neomycin resistance (neo; phenotype NeoR) together with the drug G-418 (14) and (ii) the gene (hyg) conferring hygromycinresistance (HygR; refs. 15 and 16) with hygromycin B (17) .
293 cells were transfected with neo and the plasmid containing the murine H-2Kd allele (18) . For the 293.12 cells, which are already neo-positive, the hyg system was used. The concentrations of G418 and hygromycin were 560 and 200 jig/ml, respectively. Antibodies, Cell Labeling, Immunoprecipitation, and NaDodSO4/PAGE. Two different monoclonal antibodies against the H-2Kd antigen were used: 34-1-2s (19) and 20-8-4s (20) . The antibodies against HLA-A, -B, and -C antigens were W6/32 (21) and B9.12.1 (22) . The former antibody detects HLA antigens when they are combined with human /32-microglobulin, whereas the latter reacts with HLA associated with both human and mouse P32-microglobulin.
Abbreviations: Adl, Ad2, AdS, and Ad6, adenovirus types 1, 2, 5, and 6; CTL, cytolytic T lymphocytes; FACS, fluorescence-activated cell sorter; TK, thymidine kinase; MHC, major histocompatibility complex.
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Flow Cytometric Analysis and Cytolytic Assay. The details for the fluorescence-activated cell sorter (FACS) analysis have been described (9) . The cells were analyzed with a FACS II instrument. The cytolytic assay using 51Cr-labeled target cells (2000 cells per well) at various effector-to-target ratios was terminated after 4 hr at 370C. Two different CTL clones (anti-A24 clones 10 and 12) were used and have been described (10) The human cell line 293 (9, 11) was transfected with plasmid DNA containing the H-2Kd gene (18) . The neomycin phosphotransferase gene was cointroduced as a selectable marker (14) , and cell clones resistant to the drug G418 were selected and analyzed for expressed H-2Kd antigen. Cells from several clones (designated 293Kd) were metabolically labeled with [35S]methionine, and cell lysates were subjected to sequential immunoprecipitation with monoclonal antibodies directed against both H-2Kd and HLA antigens. The precipitates were analyzed by NaDodSO4/PAGE. The antibody against the H-2Kd antigen precipitated a band with a Mr of 46,000 corresponding to the authentic H-2Kd antigen in three clones (Fig. 1, lanes 1, 3, and 5 ). The antibody against the HLA antigens precipitated two distinct HLA protein bands (Mr = 42,000; Fig. 1 , lanes 2, 4, and 6). In addition, 132-microglobulin was present in all six lanes. We conclude that the introduced H-2Kd gene was expressed in human 293 cells in approximately the same amount as the endogenous HLA antigens. Furthermore, the H-2Kd antigen binds human f32-microglobulin, which is a prerequisite for its cell-surface expression (24) . We next examined if the H-2Kd antigen could associate with the E3/19K protein of Ad-2. In the same way as described above, we introduced the H-2Kd gene into 293.12 cells, but instead of the neo/G418 system, we used hyg as the selectable marker. This cell line previously had been transfected with the neo gene and the Ad2 EcoRI D fragment (25) and constitutively expresses the E3/19K protein (9) .
Several cell clones were labeled with [35S]methionine and analyzed by sequential immunoprecipitation with three different antibodies, anti-H-2Kd, anti-HLA, and anti-E3/19K. The antibody against the H-2Kd antigen precipitated the E3/19K protein in addition to the H-2Kd molecule and /32-microglobulin. The results with three cell clones (designated 293.12Kd) are shown in Fig. 1 (lanes 7, 10, and 13 (Fig. 2, compare lanes 1 and 2) , whereas the same antigens from 293.12 cells did not (compare lanes 3 and 4) 293.12Kd P c P C P C P c P C P C 2Kd-restricted (10) . The mouse mastocytoma cell line P815 (HTR), previously transfected with the HLA-A2 gene (26, 27) was used as a control because 293 cells express the HLA-A2 antigen.
The four target cell lines, P815TK, P815A2, 293, and 293.12, were 51Cr-labeled and analyzed for their susceptibility to lysis by the two CTL clones (Fig. 3) . The P815TK cells expressed a high amount of the endogenous H-2Kd antigens (mean value, 288) but showed background values when tested with an antibody against HLA antigens. Neither CTL clone recognized these cells (Fig. 3A) . In contrast, the P815A2 cells, which expressed both HLA-A2 (mean value, 120) and H-2Kd (mean value, 246) antigens, were readily lysed by both CTL clones (Fig. 3B) . The 293 cells, which expressed HLA-A2 antigens (and one additional unknown HLA phenotype) but not H-2Kd antigens, were not lysed (Fig. 3C) , nor were the 293.12 cells (Fig. 3D) Z2   1  80  160  1  80  160  1  80  160  1  80  160  1  80  160  1  80  160  1  80  160 Fluorescence intensity did the other two clones (Fig. 4 , compare A and C with B). Thus, apparently it is the amount of the restriction element, in this case H-2Kd, that is limiting for lysis by these CTL. A marked reduction in lysis of 293.12Kd clones was observed. These cells also expressed the E3/19K protein. This correlates with a lowered cell-surface expression of both HLA antigens and the restricting element H-2Kd (Fig. 4 D, E, and G) . In contrast, cells from the target clone 293.12Kd18 were lysed efficiently despite the presence ofthe viral E3/19K protein (Fig.  4F) . We confirmed that H-2Kd-E3/19K association does occur in this cell line (Fig. 1, lane 13) . However, the cell-surface expression ofthe H-2Kd antigen remained relatively high (mean value, 37) and was comparable to the amount seen in the 293Kd4 clone (Fig. 4B ). This again indicates that the amount of the restricting element H-2Kd is important. We examined a total of seven clones, of which six showed a considerably reduced level of MHC class I antigen on the cell surface and a concomitantly lowered ability to act as targets for CTL lysis. Therefore, we believe that clone 293.12Kd18 is exceptional.
DISCUSSION
We have previously demonstrated that terminal glycosylation and cell-surface expression of HLA antigens are inhibited in human cells that express the E3/19K protein of Ad2 (9) . This is true for all human cell lines infected with Ad2 so far examined. More recently, others have confirmed our data of inhibition of terminal glycosylation and cell-surface expression of HLA antigens in Ad2-infected HeLa cells (28 (Fig. 1) .
The aim of this study was to investigate whether or not the reduced cell-surface densities of class I H-2 and HLA antigens, because of their association with the E3/19K protein of Ad2, would affect the ability of CTL to recognize and kill these cells. For these experiments, we used two murine CTL clones that are both specific for HLA antigens ("foreign" antigen) and H-2Kd-restricted.
We have introduced the H-2Kd allele into the human 293 and 293.12 cells. The latter cell line differs from the former in that it expresses the gene for E3/19K (9, 11). Expression of the H-2Kd antigen in amounts comparable to endogenous HLA antigens was verified by immunoprecipitation with monoclonal antibodies. In pulse-chase experiments, we could show that no intracellular processing (terminal glycosylation) of the H-2Kd antigen occurs in the presence of the E3/19K protein (Fig. 2) . Moreover, the cell-surface expression of the H-2Kd antigen was considerably reduced in cells expressing the viral protein (Fig. 4) .
We have examined to what extent the lowered cell-surface densities of HLA and H-2Kd antigens influence target-cell recognition by two murine CTL clones (Fig. 4) . From these experiments we make the following conclusions: (i) the inhibition of cell-surface expression of HLA/H-2 class I antigens caused by the E3/19K protein inhibits drastically the ability of the CTL clones to recognize and lyse these target cells; (ii) in cells expressing the E3/19K protein, the level of the restricting element, in this case the H-2Kd antigen, is apparently limiting (Fig. 4, It is known that Adl, Ad2, Ad5, and Ad6 can cause latent or persistent infections in humans (31, 32) . Thus, the infected cells with their lower level of cell-surface HLA antigens might permit latency of the infection because of a lack of a strong cellular immune response. In this paper we have shown that, at least in vitro, the molecular mechanism for lack ofT-cell recognition is apparently the complex formation between the E3/19K protein and HLA/H-2 class I antigens.
It will be of utmost importance to determine the detailed structure of the E3/19K protein and H-2/HLA antigens that are involved in the binding. With this information, other viral proteins (perhaps from the Herpes virus group) with similar properties can be searched for.
